Background : This study aimed to assess the efficacy and safety of drotaverine hydrochloride (DHC) in Chinese patients with irritable bowel syndrome (IBS).
Introduction
Irritable bowel syndrome (IBS) is a common functional gastrointestinal disorder. [1] [2] [3] It often manifests with the abdominal pain, discomfort such as cramping, bloating, gas, diarrhea, and/or constipation. [4] [5] [6] [7] It has been reported the prevalence ranged from 3.7% to 22% in Asian population. [8, 9] The other study reported that the prevalence was at 24.0%, [10] with a 3:1 female predominance. [11] It has been found that IBS consists of 4 different bowel patterns, including diarrhea predominant of IBS (IBS-D), constipation predominant of IBS (IBS-C), mixed diarrhea and constipation of IBS, and alternating diarrhea and constipation of IBS. However, most patients with IBS seek medical care because of the abdominal pain. [12] In addition, this kind of condition often significantly affect their quality of life. [13] The goal of the treatment for this condition is to relieve its symptoms. The therapies for patients with IBS in clinics mainly include the suggestions from doctor about the diet and lifestyle change, and medications. The diet and lifestyle change often consists of avoiding foods that trigger the symptoms, eating highfiber foods, drinking plenty of fluids, exercising regularly, and getting enough sleep. Additionally, several specific medications are often used to treat such condition, such as alosetron, eluxadoline, rifaximin, lubiprostone, and linaclotide.
Current treatment for IBS include medication, stress relief, and eating habits changes for patients with IBS. [14] [15] [16] Although those therapies can relieve some symptoms of IBS, more effective and safe therapies are still looked for treating and relieving this kind of condition. Previous studies also reported to use antispasmodics to treat IBS. [17, 18] However, they often accompanied with lots of anticholenergic side effects, and restricted their use.
Drotaverine is an another kind of antispasmodic. [19] [20] [21] [22] It is reported that it has a good relaxing effect on intestinal smooth muscle. [20, 22] It has showed promising effect of abdominal pain relief without side effects like anticholinergics. Although several studies have explored the effect and safety of drotaverine hydrochloride (DHC) for treating IBS, no study specifically focused on Chinese patients with IBS treated by DHC only.
This study aimed to conduct a randomized controlled trial to assess the efficacy and safety of DHC for treating Chinese patients with IBS specifically. We hypothesized that DHC for the treatment of IBS in Chinese population would be superior to the efficacy of placebo.
Methods/design

Study design
This study was approved by the ethics committee of The People's Hospital of Yan'an. It was conducted at the People's Hospital of Yan'an from April 2014 to August 2016. A total of 144 patients were randomly allocated to the treatment group and the placebo group in a 1:1 allocation ratio. The patients received either DHC or placebo 80-mg tablet, 3 times daily for a total of 4 weeks. Outcome evaluation and data analysis were performed at the end of 4-week treatment.
Patients
Patients with following criteria were included: aged between 18 and 70 years old; confirmed diagnosis of IBS according to the Rome II diagnostic criteria for IBS; the tests of stool for ova and/ or parasites, blood test for full count, and liver function are all normal; and the provision of written informed consent prior to enrollment into the study. However, patients were excluded if they were pregnancy or breast-feeding, history of fever, blood in stool, weight loss during the recent months, or other gastrointestinal tract diseases, and any other medication for the treatment of abdominal pain, and bowel disorders.
Randomization and blinding
All eligible patients were randomly allocated to the treatment group or placebo group in a 1:1 ratio. Randomization was conducted using a computerized number generator with SAS package (Version 9.3; SAS Institute Inc., Cary, NC) by a professional statistician. The allocation and assignments information were to the patients, investigators, outcome assessors, and data analysts.
Intervention schedule
Patients in the treatment group received DHC 80 mg tablet, 3 times daily for a total of 4 weeks. Participants in the placebo group received placebo, the same administration schedule as the DHC. Additionally, the placebo also has the similar appearance, taste, and color as the DHC.
Outcomes
The primary outcome was abdominal pain, measured by the visual analog scale (VAS), [23] and average weekly stool frequency. The secondary outcome measurements were Bristol scale, [24] and the 36-item short form health survey (SF-36). [25] In addition, adverse events (AEs) were also recorded during the treatment period. All outcome data were measured and analyzed at the end of 4-week treatment.
Statistical analysis
All outcome data were analyzed by the SAS package (Version 9.3; SAS Institute Inc.) with intention-to-treat approach. 
Results
In this study, 225 participants were initially screened and entered the study (Fig. 1) . Eighty-one participants were excluded after the selection. Thus, 144 patients were included and were randomly allocated into a treatment group and placebo group in a ratio of 1:1. At the end of 4-week treatment, 5 patients withdrew from the treatment group, and 4 subjects withdrew from the placebo group (Fig. 1) . The patient characteristics at baseline are summarized in Table 1 . The 2 groups did not differ significantly in all the characteristics at the baseline visit (Fig. 1) . The measurements of the primary and secondary outcomes are summarized in Tables 2 and 3 . The total symptoms of IBS showed that DHC can reduce the severity of pain evaluated by the VAS scale (P < .01), and also decreased the stool frequency (P < .01), as well as the Bristol score (P < .01) compared with the placebo at the end of the 4-week treatment ( Table 2 ). The different types of IBS also found that DHC can decrease the pain intensity, evaluated by the VAS scale for all types (P < .01); enhance stool frequency for all symptoms (P < .01), except IBS-C (P = .01); and reduce Bristol scores for all types (P < .01), except ISB-A (P = .02; Table 3 ). However, DHC did not exhibit significant improve- (Tables 2 and 3) .
AEs of both groups are listed in Table 4 . No significant differences in AEs were found between both groups (Table 4) . No serious AEs occurred in the either group.
Discussion
IBS is a very common digestive condition among the population, especially toward the youth and women. [26, 27] It not only generates substantial workload for health care, but also considerably reduces the quality of life for patients with IBS. [28] It often manifests as the abdominal pain, headache, backache, and dizziness. Of those symptoms, abdominal pain is 1 of the most common reasons for patients to visit doctors. [29] Traditional therapies for IBS treatment include bulking agents, prokinetics, antispasmodics, alosetron, tegaserod, 5-hydroxytryptamine agonists and antagonists, smooth muscle relaxants, and antidepressants. However, most clinical trials of those drugs suffered from poor methodology and inconclusive findings. [30] The lacking of randomized placebo-controlled trials for those therapies provides limited evidence for clinical practice. [31] In this study, we provide the strongest clinical evidence by utilizing the randomized double-blinded placebo-controlled trial on evaluating the efficacy and safety of DHC for treating Chinese population with IBS specifically. This study recommends that DHC can effectively enhance symptoms of IBS in Chinese population.
Previous studies have evaluated the efficacy of DHC for the treatment of IBS. They found that DHC plays an important role in enhancing symptoms of patients with IBS. Of them, 1 study evaluated the efficacy and safety of DHC in Indian patients with IBS. [19] It included 180 patients with IBS and was allocated to DHC or placebo intervention. It found that DHC significantly improved abdominal symptoms in patients with IBS. The other study explored the efficacy of DHC in the Indian children population with recurrent abdominal pain. [32] Its results also found that DHC is an effective and safe pharmaceutical agent in the management of recurrent abdominal pain in children. However, no study specifically focused on Chinese patients with IBS treated by DHC only.
The results of this study confirmed our hypothesis that DHC has promising efficacy for the treatment of IBS in Chinese population, compared with the placebo. To our best knowledge, this study is the first randomized, double-blinded, placebocontrolled trial to explore the efficacy of DHC for treating Chinese population with IBS specifically. Our findings showed the efficacy of DHC for Chinese patients with IBS.
In this study, the abdominal pain intensity, measured by the VAS scale, and stool frequency, and Bristol score reduced significantly in the treatment group, compared with those in the placebo group. However, no significant improvements in quality of life were found in the treatment group, when compared with the placebo group. Thus, DHC treatment appears to be promising for improving the symptoms of Chinese patients with IBS.
This study had several limitations. First, this study was only conducted at a single hospital with Chinese patients with IBS. Thus, it may be limited to the generalization to other hospitals and other population. Second, this study only conducted 4-week without follow-up evaluation because of its short duration. Therefore, the longer period of treatment and follow-up effect assessment of DHC on Chinese patients with IBS are still needed in the future. 
Conclusion
The results of this study found that DHC can improve the symptoms of Chinese patients with IBS. Future studies are still needed to warrant the results of this study. Table 3 Outcome measurements of different types of IBS at the end of the 4 weeks treatment. Data are present as mean ± standard error. IBS = irritable bowel syndrome, IBS-A = alternating diarrhea and constipation of IBS, IBS-C = constipation predominant of IBS, IBS-D = diarrhea predominant of IBS, SF-36 = the 36-item short for health survey, VAS = visual analog scale.
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Adverse events between 2 groups.
Adverse events Treatment group, n = 72 Placebo group, n = 72 P 
